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Abstract The results showed that the interaction between varietal treatment and osmotic 

potential significantly affected growth percentage, root length, shoot length, fresh root weight, 

dry root weight, fresh shoot weight, dry shoot weight, root shoot ratio, and chlorophyll index 

(SPAD value) both at the stage of seed germination and seedling growth. Induction of potential 

osmotic -0.19 MPa reduced the growth percentage by 21.93% and 33.99%, 32.04% and 41.66% 

at root length, and by 41.66% and 36.77% at shoot length both at seed germination and seedling 

growth stages, respectively. Meanwhile, the potential osmotic induction of -0.67 MPa reduced 

the growth percentage by 39.75% and 52.81%, by 51.68% and 61.32% in root length, and by 

61.82% and 55.95% on shoot length at both seed germination and seedling growth respectively. 

Gepak Kuning Variety has a better tolerance for osmotic potential than the other four varieties. 

It can conclude that Gepak Kuning variety could be used as breeding material to develop 

drought-resistant soybean varieties. 

 
Keywords: Abiotic stress, Crops, PEG-6000 

 

Introduction 
 

Soybean (Glycine max (L) Merrill) is one of Indonesia's critical food crop 

commodities, which has economic value and used as a source of vegetable 

protein for the community. In addition, soybeans use as raw materials for foods 

such as tofu, tempeh, soy sauce, and others. Soybean is a commodity that needs 

attention because the demand for soybeans in Indonesia is relatively high. At 

the same time the harvest and production areas continue to wait so that soybean 

imports continue to increase (Endriani et al., 2017). Along with population 

growth that continues to increase, the demand for soybeans in the community 

also increases, but soybean production in Indonesia is insufficient. According to 

data from the Central Statistics Agency (BPS) (2016), the domestic demand for 
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soybeans is relatively high, reaching 204 million tons per year, while the 

national soybean production in 2016 only reached 963,183 tons. The demand 

for national soybean needs has also increased. 

One of the efforts to overcome this soybean problem is with an 

agricultural extensification program, namely by expanding the soybean planting 

area by utilizing marginal land, including dry land. The main problem in dry 

land is the little water used for agricultural cultivation, so plants often 

experience drought stress. Drought stress is one of the environmental conditions 

that can affect plant growth and productivity. Drought can cause anatomical, 

morphological, physiological, biochemical, and molecular changes in plants. 

The ability of plants to adapt to drought stress depends on the intensity and 

period of stress, growth phase, and plant genotype (Kalefetoglu and Ekmekci, 

2005). The response of plants to drought varies depending on the duration, 

intensity of stress, plant species, and plant growth stage (Kusvuran, 2012).  

Drought stress can significantly reduce crop productivity, so drought-

tolerant soybean varieties are the right solution to reduce the decline in soybean 

yields due to drought stress. Breeding methods and biotechnology may play an 

essential role in developing crop cultivars with increased tolerance to drought, 

and selected cultivars can use to increase agricultural production in dryland 

areas (Hemon and Sudarsono, 2010). The selection method for drought tolerant 

traits can do by planting the selected population in the target field or potting 

media with reduced water supply. However, this method has weaknesses, 

namely the uniformity of selection pressure which is difficult to maintain, and 

the relative water retention cannot be determined (Sugihono, 2011). In vitro, a 

rapid screening method can use as a solution for the selection of drought-

tolerant soybean genotypes. The comparative advantage of this method is that 

the selection time is shorter, does not require ample space, is easy to control, 

and is not limited by seasons. 

The seedling stage of crops plant is highly vulnerable to water deficits. 

The seed germination stage is a prerequisite and a critical transition stage for 

plants. According to Farooq et al. (2019), during the germination stage, wheat 

seeds in semiarid areas experience low water availability. Low water 

availability during seed germination and later plant growth stages can decrease 

production maturation time (Bayoumi et al., 2008). The impact of drought 

stress on the seed germination stage and vegetative growth of each plant is 

different such as wheat (Rauf et al., 2007), maize (Farsiani and Ghobadi, 2009), 

and barley (Berg et al., 2014; Yassin et al., 2019) in previous studies. 

The success of the establishment of food crops depends on the nursery's 

microclimate conditions and the seeds' quality (Khajeh-Hosseini et al., 2003). 

Therefore, plant seed germination was tested under a simulated environment to 
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infer tolerance to unfavorable environmental conditions. Studies related to seed 

germination under Polyethylene glycol (PEG)-induced drought stress are the 

most commonly used screening method to test the drought tolerance of different 

plant varieties during seed germination and early stand formation. Polyethylene 

glycol (PEG) can use as a selection agent in rapid screening for drought 

tolerance, both in vitro (Kosmiatin et al., 2005) and ex Vitro (Widoretno, 

2011). 

Seed germination and seedling establishment are essential criteria for 

testing the tolerance of wheat genotypes to various abiotic stresses, especially 

drought stress (Hubbard et al., 2012). The percentage of seed germination and 

seedling formation significantly reduced when the osmotic potential of the soil 

reached -1.5 MPa (Farooq et al., 2019; Me ŕida-Garcı´a et al., 2019). Short-

stature wheat cultivars have slower initial growth and coleoptile length, and leaf 

index decrease during the early growth period (Pereira et al., 2002). Plant 

breeding was concentrated on above-ground traits for a long time, whereas root 

traits had neglect due to some difficulties (Ehdaie et al., 2012). Root properties 

have received significant attention over the last decade (Richard et al., 2015). 

Genotyping screening for early drought tolerance and inferring root attributes at 

the seedling stage has shown significant progress (Chloupek et al., 2010). 

Therefore, the objectives were determined the growth response of six 

soybean varieties to PEG (Polyethylene glycol)-induced drought stress during 

the seed germination and seedling stage and rapidly screened the potential and 

adaptive soybean varieties to drought stress. 

 

Materials and methods 

 

The research was carried out at the Greenhouse of the Faculty of 

Agriculture, Bengkulu University. This research was conduct from February to 

June 2022. The plant materials used were six soybean varieties, namely Gepak 

Kuning, Derap 1, Dega 1, Dena 1, Dena 2, and Devon 1. The study used a 

completely randomized block design (RCBD) with two factors. The first factor 

was osmotic potentials induced by PEG 6000 of 3 levels, namely 0.0 MPa 

(control), -0.19 MPa, and -0.67 MPa and the second factor was soybean 

varieties consisting of 5 levels, namely Gepak Kuning, Derap 1, Dega 1, Dena 

1, Dena 2, and Devon 1.   The observational data were analyzed using the F 

test. If the treatment showed a significant effect at the 5% level, the analysis 

was continued with DMRT (Duncan Multiple Range Test) at the level α = 5%. 
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Seed germination experiment 
 

Every three replicates of 25 sterile seeds were added with 5% sodium 

hypochlorite and germinated between three layers of Whatman No.1 filter paper 

in 150 x 15 mm Petri dishes. The treatment solution or distilled water as much 

as 10 ml was poured on filter paper and then given a solution or distilled water 

as needed. Petri dishes were covered with Parafilm to prevent evaporation. 

Seeds were incubated at a temperature of 23±2˚C and a light dark period of 12 

hours for 12 days. The percentage of seed germination was observed every 24 

hours for 12 days and then the percentage of seed germination was calculated. 

The seed is considered to have 'germinated' once the radicle has elongated to 1-

2 cm. 
 

Seedling growth experiment 
 

Seed growth experiments was carried out in 20x20 cm polybags 

containing a mixture of soil and cow manure (1:1; v/v). The Polybags were 

placed into the growth cabinet with three replicates, and 25 seeds were planted 

in each replicate. Seeds were sown to a depth of 3 cm, and polybags were 

irrigated with PEG-6000 solution to produce an osmotic potential of 0.0 MPa 

(control), -0.19 MPa, and -0.67 MPa. Polybags were incubated at 25˚C, and 

humidity ranged from 70-80% for 21 days. Seeds are considered to emerge 

when the emerging radicle reaches the soil surface. Observations were made 

from seedlings aged seven days after planting (DAP). The observed variables 

were growth percentage, root length, shoot length, fresh root weight, dry root 

weight, fresh shoot weight, dry shoot weight, root shoot ratio, and chlorophyll 

index (SPAD value)—both at the stage of seed germination and seedling 

growth. 

 

Results 

 

The effect of different soybean varieties on the germination stage induced 

by PEG (Polyethylene glycol) at different osmotic potentials showed a 

significant effect on the variables of seed germination percentage, root length, 

shoot length, fresh root weight, dry root weight, fresh shoot weight, dry shoot 

weight, root shoot ratio and chlorophyll index (Table 1). Gepak Kuning variety 

had the highest seed germination percentage of 85.78%, while the Dena 2 

variety had the lowest seed germination percentage of 62.22%. However, the 

Dena 2 variety was not significantly different from the Dena 1 variety for the 

percentage of seed germination, which was 64.44%. 
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Each soybean variety was differes in  root length and shoot length. The 

Gepak Kuning variety had the highest root and shoot length as compared to the 

other five soybean varieties. The root length and shoot length of each soybean 

variety were as follows: Gepak Kuning (18.64 cm and 16.43 cm), Derap 1 

(16.93 cm and 14.67 cm), Dega 1 (16.12 cm and 14.06 cm). cm) Devon 1 

(14.62 cm and 12.26 cm), Dena 1 (13.63 cm and 11.12 cm) and Dena 2 (12.78 

cm and 10.41 cm) respectively. 

 

Table 1. The Effect of different varieties on their seed germination and growth 

traits grown under different osmotic potentials 
Soybean 

Varieties 
GP 

(%) 
RL 

(cm) 
SL 

(cm) 
FRW 

(g) 
DRW 

(g) 
FS

W 

(g) 

DSW 

(g) 
R/S CI 

(SPA

D 

Value

) 
Gepak 

Kuning 
85,78

a 
18,64

a 
16,43

a 
0,94a 0,36a 0,83

a 
0,23a 0,428c 34,65a 

Derap 1 76,44

b 
16,93

b 
14,67

b 
0,85b 0,32b 0,74

b 
0,21b 0,433b

c 
32,85

b 
Dega 1 73,33

c 
16,12

c 
14,06

c 
0,80c 0,30c 0,68

c 
0,19c 0,451b 31,92c 

Dena 1 64,44

d 
13,63

e 
11,12

e 
0,70d

e 
0,27d

e 
0,58

e 
0,17d

e 
0,494a 27,68e 

Dena 2 62,22

d 
12,78

f 
10,41

f 
0,67e 0,26e 0,54

e 
0,16e 0,513a 27,09e 

Devon 1 73,33

c 
14,62

d 
12,26

d 
0,74d 0,28d 0,63

d 
0,18d 0,453b 29,41

d 
Note : GP = seed germination percentage, RL = root length, SL = shoot length, FRW = fresh 

root weight, DRW = dry root weight, FSW = fresh shoot weight, DSW = dry shoot weight, R/S 

= root:shoot ratio, CI = chlorophyll index. The means sharing same letters within a same 

column are statistically non-significant (p > 0.05).  

 

However, the varieties Dena 1 and Dena 2 were not significantly differed 

with a root-shoot ratio of 0.494 and 0.513. Similarly, the Dega 1 variety was 

not significantly differed  from the Devon 1 variety, which had a root-to-root 

ratio of 0.451 and 0.453, respectively. The Gepak Kuning variety had the 

lowest root-shoot ratio, which was 0.428, but it was not significantly differed 

from the Derap 1 variety, which had a root-shoot ratio of 0.433. 

In addition, each soybean variety significantly affected the variables of 

fresh root weight and dry root weight. The fresh root weight and dry root 

weight of each variety varied greatly. The Gepak Kuning variety had the 

highest fresh root weight and dry root weight of 0.94 g and 0.36 g, while the 

Dena 2 variety had the lowest fresh root weight and dry root weight of 0.67 g 

and 0.26 g, respectively. The Dena 1 variety was not significantly different 
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from the Dena 2 and Devon 1 varieties. The fresh root weight and dry root 

weight of the Dena 1 variety were 0.70 g and 0.27 g, respectively (Table 1).  

Meanwhile, the Dena 2 and Dena 1 varieties were not significantly 

differed in the chlorophyll index variable. They had the smallest chlorophyll 

index values of 27.09 and 27.68, respectively, while the Gepak Kuning variety 

had the highest chlorophyll index value of 34.65. Based on table 1, it can 

conclude that the Gepak Kuning variety has better drought stress tolerance 

compared to the other five varieties. Meanwhile, Dena 2 variety has the lowest 

tolerance level to drought stress when compared to the other five soybean 

varieties. This can see in the response of soybean plant growth to drought stress 

at the seed germination stage. 

 

Table 2. The Effects of different osmotic potentials on seed germination and 

growth traits of different soybean varieties included in the study 
Osmotic 

Potential 

GP 

(%) 

RL 

(cm) 

SL 

(cm) 

FRW 

(g) 

DRW 

(g) 

FSW 

(g) 

DSW 

(g) 

R/S CI 

(SPAD 

Value) 

0.0 MPa 92,22a 21,44a 20,09a 1,17a 0,47a 1,04a 0,33a 0,452b 38,37a 

-0.19 MPa 70,00b 14,57b 11,72b 0,68b 0,26b 0,57b 0,16b 0,463ab 29,16b 

-0.67 MPa 55,56c 10,36c 7,67c 0,50c 0,18c 0,40c 0,08c 0,472a 24,27c 

Note : GP = seed germination percentage, RL = root length, SL = shoot length, FRW = fresh 

root weight, DRW = dry root weight, FSW = fresh shoot weight, DSW = dry shoot weight, R/S 

= root:shoot ratio, CI = chlorophyll index. The means sharing same letters within a same 

column are statistically non-significant (p > 0.05).  

 

Different osmotic potential at the seed germination stage significantly 

affected all observed variables such as seed germination percentage, root 

length, shoot length, fresh root weight, dry root weight, fresh shoot weight, dry 

shoot weight, root-shoot ratio, and chlorophyll index value (Table 2). Osmotic 

potential of -0.19 MPa showed the percentage of seed germination percentage, 

root length, shoot length, fresh root weight, dry root weight, fresh shoot weight, 

dry shoot weight, root-shoot ratio, and the highest chlorophyll index value 

when compared to the osmotic potential of -0.67 MPa. However, the -0.67 MPa 

osmotic potential had a higher root-shoot ratio when compared to the -0.19 

MPa and 0.0 MPa osmotic potential (control). The percentage of seed 

germination decreased by 21,93% (-0.19 MPa) and 39,75% (-0.67 MPa) when 

compared with the potential osmotic treatment of 0.0 MPa (control). 

Meanwhile, the root length variable also decreased by 32,04% (-0.19 MPa) and 

51,68% (-0.67 MPa) when compared to the potential osmotic treatment of 0.0 

MPa (control). 
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The effect of different soybean varieties significantly affected growth 

percentage, root length, shoot length, fresh root weight, dry root weight, fresh 

shoot weight, dry shoot weight, root shoot ratio, and chlorophyll index value 

(Table 3). Gepak Kuning variety has better performance and growth 

characteristics when compared to the other five varieties. The highest growth 

percentage at the nursery stage obtain by the Gepak Kuning variety with a value 

of 78.67%, followed by the Derap 1 variety at 70.67%, Dega 1 at 68.44%, 

Devon 1 at 61.33%, Dena 1 at 56.44%, and Dena 2 52.00%. Meanwhile, the 

root length and shoot length of the six soybean varieties varied greatly. Gepak 

Kuning variety had the highest root length and shoot length of 16.43 cm and 

19.39 cm, while the Dena 2 variety had the lowest root length and shoot length 

of 10.62 cm 13.16 cm, respectively. 

 

Table 3. The Effects of different varieties on percentage decrease in their 

seedling and growth traits under different osmotic potentials 
Soybean 

Varieties 

GP 

(%) 

RL 

(cm) 

SL 

(cm) 

FR

W 

(g) 

DR

W 

(g) 

FSW 

(g) 

DS

W 

(g) 

R/S CI 

(SPA

D 

Value) 

Gepak 

Kuning 

78,67

a 

16,43

a 

19,39

a 

2,65a 0,68a 4,03

a 

1,08a 0,63a

b 

35,97a 

Derap 1 70,67

b 

14,67

b 

17,53

b 

2,46b 0,63b 3,84

b 

1,04

b 

0,61b 33,76b 

Dega 1 68,44

b 

14,06

c 

16,86

c 

2,41b 0,62b 3,65

c 

0,99c 0,64a 32,19c 

Dena 1 56,44

d 

11,12

e 

13,67

e 

2,21d 0,58d 3,41

d 

0,94

d 

0,62a

b 

28,02e 

Dena 2 52,00

e 

10,62f 13,16f 2,09e 0,55e 3,17

e 

0,88e 0,63a

b 

26,65f 

Devon 1 61,33

c 

12,26

d 

15,13

d 

2,31c 0,60c 3,44

d 

0,95

d 

0,65a 29,58d 

Note : GP = seedling percentage, RL = root length, SL = shoot length, FRW = fresh root 

weight, DRW = dry root weight, FSW = fresh shoot weight, DSW = dry shoot weight, R/S = 

root:shoot ratio, CI = chlorophyll index. The means sharing same letters within a same column 

are statistically non-significant (p > 0.05).  

 

In contrast to the other variables, the variable root shoot ratio showed that 

the Devon 1 variety had the highest root shoot ratio of 0.65, while the Derap 1 

variety had the lowest root shoot ratio of 0.61. Meanwhile, the varieties of 

Gepak Kuning, Dena 1, and Dena 2 showed no significant difference for the 

root shoot ratio variable, 0.63, 0.62, and 0.63, respectively. For the chlorophyll 

index variable, Dena 2 variety has the lowest index value of 26.65 compared to 

the other five soybean varieties (Table 3). 
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 Different osmotic potential at the seedling stage significantly affected all 

observed variables such as seed germination percentage, root length, shoot 

length, fresh root weight, dry root weight, fresh shoot weight, dry shoot weight, 

root-shoot ratio, and chlorophyll index value. (Table 4). Osmotic potential of -

0.19 MPa showed the percentage of seed germination percentage, root length, 

shoot length, fresh root weight, dry root weight, fresh shoot weight, dry shoot 

weight, root-shoot ratio, and the highest chlorophyll index value when 

compared to the osmotic potential of -0.67 Mpa. However, the -0.67 MPa 

osmotic potential had a higher root-shoot ratio when compared to the -0.19 

MPa and 0.0 MPa osmotic potential (control). The percentage of seed 

germination decreased by 33,99% (-0.19 MPa) and 52,81% (-0.67 MPa) when 

compared with the potential osmotic treatment of 0.0 MPa (control). 

Meanwhile, the root length variable also decreased by 41,66% (-0.19 MPa) and 

61,32% (-0.67 MPa) when compared to the potential osmotic treatment of 0.0 

MPa (control).  

The potential osmotic potential pressure also affects the growth of shoot 

length. The potential osmotic pressure of -0.19 MPa decreased by 36.77% 

compared to the potential osmotic pressure of 0.0 MPa (control), while the 

osmotic potential of -0.67 MPa decreased the shootlength by 55.95% (Table 4). 

It can conclude that the higher the osmotic potential pressure (drought stress), it 

will inhibit plant growth. 

The results of the analysis showed that there was an interaction between 

soybean varieties and drought stress (induced by PEG 6000) on all observed 

variables, namely root length, shoot length, fresh root weight, dry root weight, 

fresh shoot weight, dry shoot weight, root shoot ratio, and the value of 

chlorophyll index (Table 5; Figures 1 and 2). Drought stress ranging from -01.9 

MPa to -0.67 MPa provided different growth responses for each soybean 

variety. When the condition was -0.67 Mpa, the Gepak Kuning variety showed 

a better growth response and tolerance level to drought stress when compared 

to the other five soybean varieties under the same stress conditions. Meanwhile, 

the Dena 2 variety under drought stress conditions of -0.67 MPa showed a 

lower growth response and tolerance level when compared to the other five 

soybean varieties. 

The root shoot ratio variable showed that the Dena 2 variety had the 

smallest root ratio of 0.70. In contrast, the Gepak Kuning variety had the 

highest root ratio of 0.85 under drought stress conditions of -0.19 MPa. 

Meanwhile, the root shoot ratio variable showed that Devon 1 and Dena 1 

varieties had the smallest root shoot ratio of 0.71. In contrast, the Gepak 

Kuning variety had the highest root ratio of 0.81 under drought stress 

conditions -0.67 MPa (Table 5). 
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Table 4. The Effects of different osmotic potentials on seedling and growth 

traits of different soybean varieties included in the study 
Osmotic 

Potential 

GP 

(%) 

RL 

(cm) 

SL 

(cm) 

FRW 

(g) 

DRW 

(g) 

FSW 

(g) 

DSW 

(g) 

R/S CI 

(SPAD 

Value) 

0.0 MPa 90,89a 20,09a 23,09a 2,85a 0,86a 4,24a 1,36a 0,63a 38,97a 

0.19 MPa 60,00b 11,72b 14,60b 2,22b 0,58b 3,43b 0,96b 0,60b 29,33b 

0.67 MPa 42,89c 7,77c 10,17c 2,00c 0,40c 3,11c 0,62c 0,65a 24,78c 

Note : GP = seedling percentage, RL = root length, SL = shoot length, FRW = fresh root 

weight, DRW = dry root weight, FSW = fresh shoot weight, DSW = dry shoot weight, R/S = 

root:shoot ratio, CI = chlorophyll index. The means sharing same letters within a same column 

are statistically non-significant (p > 0.05).  

 

Table 5. The Effects of soybean varieties by different osmotic potentials’ 

interaction on decrease in seedling and growth traits of soybean varieties 
Combination 

treatment 

FRW (g) DRW (g) FSW (g) DSW (g) R/S CI (SPAD 

Value) 

G1D1 2,87a 0,86a 4,24a 1,36a 0,87a 39,03a 

G1D2 2,70b 0,70b 4,02b 1,13ab 0,85ab 36,00b 

G1D3 2,37c 0,47d 3,82d 0,76cd 0,81b 32,87d 

G2D1 2,84a 0,85a 4,23a 1,35a 0,87a 38,97a 

G2D2 2,41c 0,62c 3,74c 1,05b 0,83ab 33,41c 

G2D3 2,15de 0,43de 3,56e 0,71cd 0,79bc 28,91e 

G3D1 2,83a 0,85a 4,24a 1,36a 0,87a 38,94a 

G3D2 2,29c 0,60c 3,52d 0,98b 0,83ab 30,69d 

G3D3 2,10fg 0,42e 3,19f 0,64d 0,77c 26,93f 

G4D1 2,85a 0,85a 4,24a 1,36a 0,87a 38,99a 

G4D2 1,98ef 0,52cd 3,19f 0,90bc 0,77c 25,19g 

G4D3 1,81i 0,36g 2,79g 0,56e 0,71d 19,88i 

G5D1 2,84a 0,85a 4,23a 1,35a 0,87a 38,97a 

G5D2 1,83g 0,47d 2,85g 0,80c 0,70d 23,50g 

G5D3 1,61j 0,32f 2,44i 0,49f 0,75cd 17,48j 

G6D1 2,85a 0,86a 4,23a 1,36a 0,87a 38,92a 

G6D2 2,12d 0,55cd 3,22ef 0,90bc 0,78c 27,19ef 

G6D3 1,96h 0,39ef 2,88h 0,58e 0,71d 22,62h 

Note : G1 = Gepak Kuning, G2 = Derap 1, G3 = Dega 1, G4 = Dena 1, G5 = Dena 2, G6 = Devon 1, D1 = 

0.0 MPa, D2 = -0.19 MPa, and D3 = -0.67 MPa. FRW = fresh root weight, DRW = dry root weight, FSW 

= fresh shoot weight, DSW = dry shoot weight, R/S = root:shoot ratio, CI = chlorophyll index. The means 

sharing same letters within a same column are statistically non-significant (p > 0.05).  
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Figure 1. Root length (RL) of six varieties under control and drought stress 

 

The highest decrease in root length (RL) was in the Dena 2 variety, which 

was 62.28% (-0.19 MPa) and 78.92% (-0.67 MPa). Meanwhile, the smallest 

decrease in root length in the Gepak variety was 18.69% (-0.19 MPa) and 

36.89% (-0.67 MPa). Then followed by Derap 1 (31.69% and 49.40%), Dega 1 

(33.88% and 58.50%), Devon 1 (47.43% and 69.05%), and Dena 1 ( 56.23% 

and 77.76%) under drought stress conditions of -0.19 MPa and -0.67 Mpa, 

respectively (Figure 1). 

 

 
Figure 2. Root length (RL) of six varieties under control and drought stress 

 

In addition to root length, a decrease occurred in the variable shoot length 

(SL). The highest decrease in shoot length was in the Dena 2 variety, namely 

53.23% (-0.19 MPa) and 75.38% (-0.67 MPa). Meanwhile, the smallest 

decrease in shoot length in the Gepak variety was 16.83% (-0.19 MPa) and 

32.11% (-0.67 MPa). Then followed by varieties Derap 1 (30.39% and 

43.95%), Dega 1 (31.04% and 50.09%), Devon 1 (41.35% and 61.86%), and 

Dena 1 (50.28% and 72.46%) under drought stress conditions of -0.19 MPa and 

-0.67 MPa, respectively (Figure 2). 
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Discussion  
 

Each soybean tested had a different growth response under drought stress 

conditions (PEG 6000). Different soybean varieties significantly affected the 

tolerance level of PEG-induced drought stress. The addition of PEG of -0.19 

MPa was able to inhibit the germination percentage and growth rate of soybean 

plants such as root length, shoot length, root wet weight, dry root weight, fresh 

shoot weight, dry shoot weight, root shoot ratio, and chlorophyll index. This is 

in line with Ali et al. (2011), drought stress at the seed germination stage 

reduced growth variables such as root length, shoot length, root wet weight, dry 

root weight, fresh shoot weight, and dry shoot weight in sorghum plants. The 

highest decrease in seed germination stage and growth properties was recorded 

with PEG below -1.2 MPa osmotic potential level when compared with control 

treatments on pearl millet and wheat (GasˇparovičK et al., 2021). The seed 

germination stage is the most crucial transitional growth stage for plants, from 

seed to seedling, where environmental conditions of growth and development 

have an essential role in the success rate of growth, especially the availability of 

water (Rauf et al., 2007; Bayoumi et al., 2008). The effect of drought stress on 

seed germination and seedling stages in plants has been widely carried out, such 

as in wheat (Berg et al., 2014), maize (Farsiani and Ghobadi, 2009), and barley 

(Yassin et al., 2019). 

Plant growth at the seed germination stage control by several enzymes 

needed by plants to obtain food reserves for embryonic development. An 

increase in negative osmotic potential can interfere with enzyme activity in 

plants, so seeds will lose their germination potential (Billah et al., 2021). The 

leading causes of decreased seed germination percentage were low water 

imbibition and insufficient seed moisture for germination. The decrease in seed 

germination percentage under negative osmotic potential (-0.19 MPa and -0.67 

MPa) in this study was related to low water imbibition, thereby inhibiting the 

activity of enzymes required for seed germination. The test of six soybean 

varieties against drought stress showed a significant effect, where the Gepak 

Kuning variety had better tolerance to drought stress (-0.19 MPa and -0.67 

MPa) when compared to the other five soybean varieties at both the seed 

germination and seedling stages (Tables 1, 3, and 5). This is because each 

variety can respond and adapt differently in the face of drought stress. The 

ability causes Farooq et al. (2020), the difference between varieties and genetic 

makeup of plants, to absorb moisture needed for seed germination growth. 

The results of this study showed that there was an interaction between 

soybean varieties and potential osmotic pressure (drought stress induced by 

PEG) on all growth variables such as root length, shoot length, fresh root 

weight, dry root weight, fresh shoot weight, and dry shoot weight (Table 5, 
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Figures 1 and 2). The highest decrease in root length (RL) was in the Dena 2 

variety, which was 62.28% (-0.19 MPa) and 78.92% (-0.67 MPa) (Figure 1). In 

addition to root length, the highest reduction in shoot length (SL) was also in 

the Dena 2 variety, namely 53.23% (-0.19 MPa) and 75.38% (-0.67 MPa) 

(Figure 2). This is in line with the research of Bibi et al. (2010) and Ali et al. 

(2011), who suggested that drought stress at the seedling stage of sorghum 

plants can reduce plant growth characteristics such as root length, shoot length, 

fresh root weight, dry root weight, fresh shoot weight and shoot dry weight. 

This is because, at the nursery stage, roots are the first plant organs to respond 

to drought stress, so when experiencing drought stress, root cell division and 

enlargement are limited, which results in stunted root growth (Khodarampour, 

2011; Rajendran et al., 2011). The decline in growth properties at the nursery 

stage due to drought stress caused by the low availability of moisture and 

inhibited transport of photosynthesis, where each plant genotype will respond 

differently to abiotic stress, which influences by the genetic composition of 

each genotype (Butt et al., 2021; Ibrahimova et al., 2021). 

Previous studies by Dabin et al. (2015) and Lian et al. (2020) reported 

that water deficit conditions would result in stunted growth of root length, shoot 

length, root weight, shoot weight, and seed weight of 100 grains in wheat 

plants. Also added by O n̈en et al. (2018), the root-shoot ratio decreased along 

with the increase in potential osmotic pressure (drought stress). This is due to 

the low availability of water. In addition to root length and crown length, the 

chlorophyll index decreased with increasing drought stress (Jain et al., 2010; 

Farooq et al., 2018), similar to this study's results. Plant growth at the seed 

germination stage control by several enzymes needed by plants to obtain food 

reserves for embryonic development. An increase in negative osmotic potential 

can interfere with enzyme activity in plants, so seeds will lose their germination 

potential (Billah et al., 2021). The leading causes of decreased seed 

germination percentage were low water imbibition and insufficient seed 

moisture for germination. The decrease in seed germination percentage under 

negative osmotic potential (-0.19 MPa and -0.67 Mpa) in this study was related 

to low water imbibition, thereby inhibiting the activity of enzymes required for 

seed germination. The test of six soybean varieties against drought stress 

showed a significant effect, where the Gepak Kuning variety had better 

tolerance to drought stress (-0.19 MPa and -0.67 MPa) when compared to the 

other five soybean varieties at both the seed germination and seedling stages 

(Tables 1, 3, and 5). This is because each variety can respond and adapt 

differently in the face of drought stress. The ability causes Farooq et al. (2020), 

the difference between varieties and genetic makeup of plants, to absorb 

moisture needed for seed germination growth. 
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